Some basic haematological characteristics of a group of competitive swimmers were compared with haematological "normal standards" and with a "control" group of non-athletes, unmatched for age. In the women, the values for red blood cell count, haemoglobin concentration, and mean red cell volume for both the swimmers and the controls were not significantly different from the normal standards. In the groups of men, both swimmers and controls, red cell counts were significantly lower than the normal standard values, although individual values lay within the "normal range" (mean ± 2 standard deviations).
INTRODUCTION
Recent improvements in performance in most athletic and swimming events are probably due in part to both careful early selection and intensive training. In swimming, prepubertal children who show outstanding ability and potential often undertake daily rigorous training routines. However, the characteristics of these exceptional people and the effects of the training they undertake are poorly documented (Cunningham and Eynon, 1975) .
This study was undertaken to investigate some basic haematological characteristics of a group of intensively trained competitive swimmers. The values obtained were compared with both normal standards and with values for a control group.
If the factors responsible for improvements in per.
formance can be defined then it may be possible to identify those which limit performance, not only in elite performers but also in less able individuals.
SUBJECTS AND METHODS
The swimmers (19 boys, age 12.5-19.8 years, mean 15.4 ± 2.3, and 19 girls, age 12.9-18.9 years, mean 15.0 ± 1.8) were members of the City of Manchester Swimming Club, a selective club whose members all engaged in competitive swimming. The regular daily training programme lasted about four hours. On average each subject swam about 70,000 m per week.
The control subjects (11 men, age 18.9-25.1 years, mean 20.9 ± 2.2, and 8 women, age 18.8-26.3 years, mean 21.3 ± 3.2) were students, none of whom undertook regular training for any particular sport.
These control groups, unmatched for age with the swimmers, enabled us to compare the results for a nonathletic group with the expected values (normal standards).
Blood was collected by venepuncture from rested recumbent subjects who had not performed strenuous exercise for several hours. Immediately before venepuncture a tourniquet was applied proximal to the elbow to assist identification of a suitable prominent superficial vein. The skin was cleansed with isopropyl alcohol. The blood sample was anticoagulated with EDTA and stored overnight at 50C. All samples were taken during a two hour period in late afternoon.
Analysis for red blood cell numbers (RBC), haemoglobin concentration (Hb) and mean red cell volume (MCV) was performed using a Coulter S Counter which was tested at regular intervals and conformed to National Control Standards.
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Additional samples of blood were obtained under the same conditions at weekly intervals for five weeks from 10 swimmers (5 men and 5 women) and from 10 control subjects (5 men and 5 women). Further samples were obtained from the 10 swimmers at monthlX intervals for five months. The effects of storage at 5 C on the values for RBC, Hb and MCV were assessed. No significant changes were detected in samples stored for up to 48 hours.
There was no history of previous significant illness in any of the. subjects, and no illnesses occurred during the period of study.
RESULTS
The haematological results for both male and female swimmers and control subjects are presented in Table 1 . The values are compared with normal standards (Dacie and Lewis, 1975 
DISCUSSION
The results for the male and female subjects were compared with normal standards given in reference texts (Documenta Geigy, 1975; Wintrobe, Lee et al, 1974; Dacie and Lewis, 1975) .
Normal standards may often be based on populations of individuals of widely differing ages. Groups of individuals of similar age may not always legitimately be compared directly with such standards. However, these standards are employed currently in routine clinical practice.
The "control" groups were included in our study to ascertain whether or not the results provided by the Coulter S Counter were significantly different from expected values (normal standards), and were not intended to form a matched group for the swimmers.
No overt haematological abnormalities suggesting blood diseases were detected. Significant (p < 5%) differences between the control group values and the normal standards were found only in the men for red blood cell counts, which were low but not outside the "normal range" (mean ± 2 standard deviations). For the women, there were no significant (p > 5%) differences between the results of either the swimmers or the control group and the normal standards. For the group of male swimmers and men controls, the values for red blood cell counts were significantly lower than normal standards, although none lay outside the "normal range". Results for haemoglobin concentration in the NBLE 11
Ranges of haematological results of control subjects group of male swimmers were significantly lower than either the controls or normal standard values. Thus, although as a group the male swimmers had values which were low, none of the individuals would have been identified as "abnormal" at clinical screening.
Data for specific age groups -though not used in routine clinical practice -is available: for example, Kasper and Wallerstein (1966) studied adolescents.
However, incompatibilities due to analytic or ethnic differences may again deny direct comparison. Nevertheless, there were no important differences between the results for our swimmers and the results for healthy adolescents (Kasper and Wallerstein, 1966) .
High efficiency of the transport system for respiratory gases is clearly of considerable importance in individuals who perform intense physical work since one of the factors limiting performance in athletic events is the transport of oxygen (Astrand and Rodahl, 1970) .
Increased erythrocyte numbers and haemoglobin levels might be expected in individuals such as competitive swimmers. Our findings of no significant increases are similar to those of Brotherhood, Brozovic et al (1975) who studied middle and long distance runners. However, measurements per unit volume of blood provide an incomplete picture of haematological status. Estimation of blood volume enables calculation of total body haemoglobin and red cell numbers. Brotherhood, Brozovic et al (1975) found values for blood volume and total body haemoglobin 20% higher in athletes than in nonathletes. It is possible that values for total blood volume in swimmers may also be increased.
Tables II and Ill illustrate the ranges of values which occurred during periods of five consecutive weeks and five consecutive months. The normal ranges given in standard reference texts refer to values for large populations of individuals, and such ranges are larger than the individual ranges we identified. Normal standards may provide therefore a poor guide to early detection of values which lie outside an individuals usual range. In many cases large changes may occur from the individuals normally narrow range before any "abnormality" would be recognised at a screening test.
The effects of small changes of haematological values on performance in elite swimmers are uncertain. It would be interesting in the future to assess whether there might be any advantages in regular haematological monitoring of elite performers. If the normal values and ranges for individual athletes were determined, it might be possible to detect and treat abnormalities such as mild iron deficiency anaemia at an early stage before any deterioration in performance occurred.
